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contained 4-5 grains of gold.   Napier also found that gold does not appear to volatilise so readily when alloyed with silver only, as when copper is also
^ Makins found that gold volatilises sensibly along with silver and lead, when melted with these metals in a muffle in an ordinary bullion assay.1 This has been confirmed at the Royal Mint, and the amounts were measured ' in 1910. The air led through the assay muffle in this case passed out into an iron pipe on ^s wa7 "^° ^e nue' an<^- ^ne volatilised litharge condensed in lar°'e quantities in the first 2 or 3 feet of the pipe. The litharge condensed from 35 batches of gold bullion assays, of which there were 72 in a batch, was found to contain 70-7 grammes of lead, 0-210 gramme of silver, and 0-0012 gramme of gold. This corresponds to about 0-0005 milligramme of o-old per assay, an amount which cannot be weighed on an assay balance. The temperature of the muffle furnace was about 1,050° C. In the cupellation of silver the temperature would, of course, be lower, so that the observed amount of loss by volatilisation of 0-08 per 1,000 of cupelled silver is higher than would occur in silver bullion assaying.
According to experiments made by the author,2 the loss of gold on heating the pure metal rises with the temperature, being four times as great as 1,250° as at 1,100°, whilst it is insignificant at 1,075°, and probably inappreciable at lower temperatures. The nature of the atmosphere has also an effect on the rate of volatilisation, the loss in carbon monoxide being double that in air, and six times that in coal gas. A protective layer of charcoal would, therefore, increase the loss by volatilisation. The volatilisation of gold is also increased by the presence of any metallic impurity, even by the nonvolatile metals, such as platinum. Lead and platinum have a very slight effect in increasing the volatility of gold; copper and zinc a more marked effect, while 5 per cent, of antimony or mercury causes losses amounting to about 2 parts per 1,000 of gold per hour at 1,245°. The metals which have most effect in reducing the surface tension of the liquid gold appear to increase its volatility in the greatest degree.
It has been found by Krafft and Bergfeld 3 that gold begins to volatilise at 1,070° in vacuo in a quartz vessel, and boils at 1,800° under the same conditions. It is estimated from these results that the boiling point of the metal at atmospheric pressure is 2,530°.4 Calculated according to Wiebe's formula, the boiling point at atmospheric pressure would be 2,240°.5 Bichards has calculated the vapour tensions of gold for various temperatures on two assumptions—viz., (1) that the temperature interval between the first signs of vaporisation in a vacuum and boiling in a vacuum is equal to the interval between the latter temperature and the ordinary boiling point ; and (2) that at equal fractions of the normal boiling point, expressed in degrees of absolute temperature, metals have the same vapour tensions. He has thus obtained the table on p. 9.
Thus, according to Richards, if the rate of volatilisation of gold is in direct proportion to the tension of its vapour, then, for example, it would be about 100 times as much at 1,387° as at 1,075°, and might be appreciable
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